A group of 157 patients with chronic obstructive pulmonary disease who were treated before surgery using a standardized pulmonary preparation underwent physiologic assessment both before and after the prophylac- "Oulmonary complications have long been recognized as a major postoperative problem. General anesthesia and surgery are common causes of respiratory failure in hospitalized patients with chronic obstructive pulmonary disease (COPD). 1 Various preoperative and postoperative regimens have been advocated to reduce the incidence of respiratory difficulties after surgery in these patients. This study was undertaken to evaluate the effect of a standard program of preoperative pulmonary preparation on selected studies of pulmonary function, determinations of arterial blood gas levels, and the incidence of postoperative pulmonary complications in patients with COPD. preoperative pulmonary preparation were studied before and after surgery. The physiologic measurements made on these patients at that time and the clinical and physiologic changes associated with their postoperative course form the subject of this report. All patients satisfied the generally accepted diagnostic criteria for chronic bronchitis and emphysema.
"Oulmonary complications have long been recognized as a major postoperative problem. General anesthesia and surgery are common causes of respiratory failure in hospitalized patients with chronic obstructive pulmonary disease (COPD). 1 Various preoperative and postoperative regimens have been advocated to reduce the incidence of respiratory difficulties after surgery in these patients. This study was undertaken to evaluate the effect of a standard program of preoperative pulmonary preparation on selected studies of pulmonary function, determinations of arterial blood gas levels, and the incidence of postoperative pulmonary complications in patients with COPD. preoperative pulmonary preparation were studied before and after surgery. The physiologic measurements made on these patients at that time and the clinical and physiologic changes associated with their postoperative course form the subject of this report. All patients satisfied the generally accepted diagnostic criteria for chronic bronchitis and emphysema.
Of the 157 patients, 135 were men and 22 were women, with a mean age of 66 years; the average for men was 66 years and for women 64 years. Studies of pulmonary function and arterial blood gas levels were performed before preoperative pulmonary preparation. All patients received treatment during a minimum of 48 hours according to a standardized protocol. Eight received preparation during a 72 hour period. There was no concurrent control group, but for comparison, we used a previous study reported from our own institution, in which the frequency of postoperative complications was retrospectively reviewed in 464 patients with COPD.2 The regimen of treatment specified 2.5 mg of aerosol isoproterenol in 2 ml of physiologic saline solution four times daily, using an air compressor or a machine for intermittent positive-pressure breathing (IPPB) as a flow generator. This was followed by the use of a heated sterile water aerosol produced in a jet humidifier and delivered through a closefitting mask for 20 minutes. Chest physiotherapy was then administered, and this consisted of percussion, vibration, and postural drainage during a period of 15 to 20 minutes. In addition, all patients received oral therapy with theophyl-line (equivalent to oral administration of 200 mg of aminophylline, four times daily), guaiacol glyceryl ether (glyceryl guaiacolate; three teaspoonfuls four times per day), and approximately 3 qt of forced orally administered fluids every 24 hours. Each patient was asked to discontinue the use of cigarettes on admission, and most complied with this request.
Patients were studied initially on admission and on a second occasion after at least 48 hours of preoperative preparation for surgery. Studies included the determinations of the forced vital capacity (FVC), the mean forced expiratory flow over the middle half of the FVC (FEF25-75%) using a 9-L spirometer (Collins), and the maximal voluntary ventilation (MVV) measured by an open-circuit method during a 15-second period. The arterial oxygen tension (Pa02), arterial carbon-dioxide tension (PaC02), and arterial pH while the patient was breathing room air were measured with a blood gas analyzer (Instrumentation Laboratories 313), and the alveolar-arterial oxygen tension difference (P[A-a]02) was calculated. Mixed expired gas was collected and analyzed, and the ratio of the physiologic dead-space over the tidal volume (Vd/Vt) was calculated using Enghoff's modification of Bohr's equation.
For comparison, the FVC, MVV, and FEF25-75% were assessed as a percentage of the predicted mean normal values. Predicted normal values for FVC were taken from those of Hepper et al, 3 and those for FEF25-75f were based on the data of Leuallen and Fowler. 4 Anticipated normal values for MVV were those of Baldwin et al. 5 The records of all patients who received the preoperative pulmonary preparation were reviewed after dismissal from the hospital. The postoperative course of the patient was specifically evaluated for the occurrence of respiratory complications. These included bronchospasm, retained secretions with bronchospasm, atelectasis, bacterial pneumonia during spontaneous breathing, and the need for mechanical ventilation for more than 48 hours. Postoperative deaths were identified in two groups, depending on whether pulmonary or nonpulmonary causes were responsible. Differences in the values for FVC, FEF25-75%, MVV, PaCO,, P(A-a)Q" and Vd/Vt obtained before and after preoperative pulmonary preparation were tested for significance using Student's t-test, with each patient serving as his own control.
RESULTS

Effect on Physiologic Variables
All patients received at least 48 hours of the standard program. The group was divided into four categories. All 157 patients received either general (134 patients) or spinal (23 patients) anesthesia and were placed in group 1. Of the 134 patients who received general anesthesia, 108 had no postoperative respiratory problems (group 2), and 26 patients had various postoperative respiratory complications after general anesthesia and surgery (group 3). A final smaller group of seven patients required prolonged (greater than 48 hours) postoperative mechanical ventilation after general anesthesia and surgery (group 4). The measured changes in FVC, FEF25-75%, MVV, P(A-a)02, PaC02, and VD/VT after pulmonary preparation are shown for each of these four groups in Table 1 .
Vital Capacity. The total group of 157 patients (group 1) had a statistically significant increase in FVC (P < 0.001); however, when the actual change in volume was calculated for the group, the mean change was 316 ml. Groups 2 and 3 also had a statistically significant (P < 0.001) improvement in FVC; however, group 3 developed respiratory problems after surgery. The calculated mean change in FVC was 281 ml in group 2 and 457 ml in group 3. The greatest improvement in FVC was seen in group 3. The seven patients who required prolonged mechanical ventilation (group 4) had no statistically significant alteration in FVC. The actual mean change in volume in these patients was 112 ml.
FEF25-75%. There was a statistically significant improvement in FEF25-75% in the entire group of 157 patients and in the 108 patients receiving anesthesia who did not develop respiratory problems (groups 1 and 2). The absolute values for these changes in all four groups were not large and ranged from 0.02 to 0.2 L/sec. The change in the FEF25-75% was of borderline statistical significance in group 3 and was insignificant in group 4.
Maximal Voluntary Ventilation. The MW was improved to a statistically significant extent in groups 1, 2, and 3 but not in those requiring prolonged mechanical ventilation (group 4). Alveolar-Arterial Oxygen Tension Difference. The P(A-a)C"2 did not show any significant change after preoperative pulmonary preparation in any of the four groups.
Arterial Carbon Dioxide Tension. The change in PaCC"2 in all groups, with the exception of the patients requiring mechanical ventilation, was statistically significant. The mean changes ranged from -1.9 to -0.9 mm Hg. The mean volumes (± SE) PaCO-2 before and after pulmonary preparation were, respectively, as follows: 37 ± 0.4 and 36 ± 0.4 mm Hg in group 1; 37 ± 0.4 and 35 ± 0.4 mm Hg in group 2; 38 ± 1 and 36 ± 1 mm Hg in group 3; and 39 ± 1 and 38 ± 2 mm Hg in group 4.
Ratio of VD/VT. The preoperative pulmonary preparation had no statistically significant effect on VD/ VT in any of the groups.
Postoperative Complications
Of the 134 patients with COPD who were given general anesthesia after preoperative pulmonary preparation, 26 (19 percent) developed respiratory complications after surgery. Eight patients (6 percent) experienced bronchospasm, three (2 percent) had atelectasis, three (2 percent) had pneumonitis, five (4 percent) had retained secretions and bronchospasm, three (2 percent) required prolonged mechanical ventilation with no other apparent associated respiratory complications, and four (3 percent ) required mechanical ventilation as a result of pneumonia or atelectasis ( Table 2 ).
The rate of complications was highest (25 percent; 14 patients) for the 57 patients who had upper or long abdominal incisions (that is, aneurysmectomy) ( Table 2 ). Six of the seven patients requiring prolonged mechanical ventilation were in this group. Another high incidence was seen after thoracotomy. Four (19 percent) of the 21 patients who underwent this procedure developed significant respiratory difficulty after surgery. There were no problems of this kind in those who had lower abdominal surgery; however, two of the nine patients undergoing surgery of the bones and joints with general anesthesia had postoperative trouble, one with bronchospasm and the other with pneumonia. The significance of this apparently high incidence (22 percent; 2/9) is questionable because of the small sample.
Of the 134 patients undergoing general anesthesia, four (3 percent) died as a result of respiratory complications. All four required prolonged mechan- ical ventilation ranging from 9 to 65 days in duration. Six more patients died from postoperative causes that were not directly attributable to COPD; two died from pulmonary embolism, one died from acute myocardial infarction, one died from a pulmonary embolus associated with acute myocardial infarction, one died with sepsis, and one died from massive hemorrhage. None of the 23 patients in whom spinal anesthesia was used during transurethral prostatic resection died, but four experienced postoperative bronchospasm requiring treatment. Spinal anesthesia was considered preferable for this group because of the nature of the surgery and the severely impaired pulmonary function present.
Predictive Value of Physiologic
Studies.
Statistical analysis of five of the physiologic measurements performed in this group of patients with COPD revealed a significant difference among the three groups who received general anesthesia and either had no breathing problems or had respiratory complications of all types which did or did not require prolonged mechanical ventilation (Fig 1) . Analysis of the physiologic data obtained after the pulmonary preparatory procedures were completed indicates that patients with COPD who require prolonged mechanical ventilation had significantly abnormal preoperative values for FVC, FEF25-75%, MVV, P(A-a)Qt, and VD/VT (Fig 1) .
Patients who required mechanical ventilation had a mean FVC after pulmonary preparation of 66 ± 13 percent (mean ± SE) of the predicted normal value for their age and sex, while those with no complications had a mean FVC of 89 ± 2 percent of the anticipated normal value. The FEF25-75% was also significantly different for these two groups, with a value, in the absence of complications, of 42 ± 3 percent of the predicted mean normal value, while the patients who required mechanical ventilation achieved no better than 22 ± 5 percent of the anticipated normal value. The mean MVV in the absence of complications was 91 ± 3 percent of the predicted normal value after the standard pulmonary preparation, while patients who required mechanical ventilation had a mean value of only 53 ± 8 percent of the predicted normal mean MVV. Patients who required mechanical ventilation had a mean P( A-a)02 of 38 ± 3 mm Hg, while those with an uneventful postoperative course had a value of 29 ± 1 mm Hg.
The VD/VT was 0.37 ± 0.10 and 0.48 ± 0.02 for patients who were without complications and for those requiring assisted ventilation, respectively.
In general, after treatment, patients in group 3 had improvement in the five measured physiologic variables whose values were between those for the group without complications (group 2) and the mechanically ventilated group (group 4); however, patients who did and did not suffer significant respiratory complications had an overlap in the values for FVC, FEF25-75%, and P(A-a)02 after treatment (Fig 1) . There was no statistically significant improvement in any of the five variables measured after the protocol for pulmonary preparation had been followed for the group who subsequently required prolonged ventilation (Fig 1) . Conversely, all patients who were able to maintain themselves while breathing spontaneously had a statistically significant improvement in FVC, FEF25-75%, and MVV. In addition, the patients who required mechanical ventilation (group 4) had significantly worse values for FEF25-75%, MVV, and VD/VT after treatment than did the other three groups.
DISCUSSION
Preoperative pulmonary preparation of the patient with COPD has used various therapeutic approaches. These have included IPPB, the value of which has been a matter of controversy. 6, 7 In 1953, Palmer and Sellick 8 demonstrated that the thrice daily use of nebulized isoproterenol before and after surgery, in conjunction with postural drainage, percussion, and vibration, reduced the incidence of postoperative atelectasis from 43 to 9 percent. Veith and Rocco 9 found only two patients with this complication in a group of 250 surgical patients with obstructive pulmonary disease when a program of intensive pulmonary preparation was used before surgery. This consisted of an oral therapy with a bronchodilator drug, use of an expectorant, postural drainage, cough training, IPPB with nebulized bronchodilator therapy, and antibiotic treatment for purulent sputum. More recently, Stein and Cassara 10 demonstrated a decrease in postoperative morbidity of nearly 30 percent when intensive pulmonary preparation was done before and after the surgical procedure.
In our institution, Tarhan and colleagues 2 performed a retrospective analysis of a series of 464 patients with COPD who underwent various surgical procedures. All 464 patients had anesthesia by inhalation, and the types of surgery were similar to those reported herein. Tarhan and associates 2 found that 167 men in this group had received no pulmonary preparation, while 190 men had received such therapy. The mortality was not significantly different between the two groups. The incidences of death and complications in the groups of women with COPD who either received a pulmonary preparation or did not were not different; however, because of the small number of women and the low incidence of death and complications, only the men who received general anesthesia were considered for statistical analysis. The incidence of respiratory complications in these 357 men was 24 percent after surgery for those given pulmonary preparation before surgery and 43 percent for those not given such a program. As in our present study, the highest risk involved patients with upper abdominal procedures or a thoracotomy.
In our prospective study, there was a 19 percent incidence of pulmonary complications in the 134 anesthetized patients given a systematic 48-hour program preparing the respiratory system for anesthesia and surgery. Four patients (3 percent) died from respiratory complications. All four patients had undergone extensive upper abdominal procedures, and all had required prolonged postoperative mechanical ventilation. The less frequent occurrence of respiratory problems after preparation before surgery in these roughly comparable groups of patients is in keeping with the findings of others. Benefits result from the use of pulmonary preparations. Because all of the patients studied were referred to us specifically for preoperative pulmonary preparation, we were unable to establish a control group. For a control, we used the data on morbidity from the study by Tarhan and associates; 2 these data were collected at this institution for a comparable group of patients with COPD undergoing similar types of surgery and receiving anesthesia by inhalation without a regimen of preoperative treatment.
We believe that the low rate of pulmonary complications noted in our patients favors a systematic approach using a standard preoperative protocol that can be understood and followed by the nursing staff and other allied health professionals. Whether its beneficial effects are due to the specific agents and procedures used or simply to the additional directed supervision the patient receives is open to question.
The relationship between reduced postoperative morbidity and measured improvement in respiratory physiologic variables after treatment is not easy to establish. There was evidence for statistically significant improvement in the static and dynamic pulmonary volumes among those with few complications. While this may be true mathematically, it is less certain that the small absolute changes that occurred can be credited with making the difference between those who had complications and those who did not. A 316-ml change (group 1) and a 281-ml change (group 2) in FVC is unlikely to be of clinical signifi-cance when the predicted mean FVC for all groups was 4.1 L. Despite the apparent statistical significance of these changes, interpretation is difficult because the volumes are small in relation to the FVC and are within the accepted range of variations of the method. Difficulty also arises with the interpretation of absolute values for mean changes in the MVV, which ranged from 10.4 L/rnin in group 2 to 13.8 L/min in group 3. There was no significant improvement in MVV in group 4 (patients requiring mechanical ventilation). The mean predicted MVV for all patients was 92 L/min, and the improvements calculated are of doubtful rjhysiologic importance.
Arterial blood gas tensions did not respond to the program of treatment, thus suggesting that little real functional benefit accrued to improve alveolar venlation in relation to perfusion. Although the changes in the PaCCv in all groups except group 4 were statistically significant, the minor improvements ranging from -0.9 to -1.9 mm Hg clearly do not reflect clinically important changes in alveolar ventilation. The Vd/Vt was not altered in any of the groups, nor was the P (A-a) O2.
Thus, there was a statistically significant increase in static and dynamic pulmonary volumes in the whole group, and although a sizable increase in FVC was seen in the 26 anesthetized patients in group 3, in general the standardized 48-hour protocol failed to produce measurable improvement in pulmonary function, which could be reasonably established as being beyond normal or a laboratory variation; however, it is clear that an absence of statistical improvement in lung volume and flow after the program of preoperative preparation in patients with more severe obstruction of the airways is associated with higher risk. All of the patients who required mechanical ventilation after surgery had failed to exhibit any measurable improvement after preoperative pulmonary preparation and had an FEF25-75% and MVV less than 50 percent of the predicted mean value.
Preoperative mobilization of secretions from the airways may be the main beneficial result of such intensive preparations for surgery, thus preventing or minimizing retention and consequent infection and atelectasis. The concept of improvement in respiratory muscle strength and endurance is an attractive hypothesis, and it does occur after appropriate training over a five-week period; 11 however, a 48-hour to 72-hour regimen of the type used by us does not seem capable of producing significant reinforcement of the muscles responsible for ventilation, although maximal inspiratory and expiratory pressures were not measured in this study. Prior instruction of the patient in the use of programs of postoperative respiratory treatment may be beneficial, but documented proof of this would be difficult to obtain. Different tests have been proposed by different authors as predictive indices of postoperative respiratory dysfunction. Miller et al, 12 Wang and Howland, 13 and Gaensler et al 14 MVV to identify patients with prohibitive risks. All seven of the patients in group 4 who required mechanical ventilation after surgery had an MVV and FEF25-75% of less than 50 percent of the predicted mean normal value, and six of the seven had an FVC that was less than 75 percent of the predicted normal value after the pulmonary preparation. Such results can be found only when disease is well advanced and disturbances in arterial blood gas tensions or Vd/ Vt have the same limitations.
None of the tests that we performed could clearly warn of the likelihood of significant postoperative pulmonary complications that, although potentially serious, did not require ventilatory assistance. In keeping with the known difficulty of managing patients with obstructive pulmonary disease who require mechanical ventilation and especially their refractoriness to weaning procedures, the mortality for the few who required this form of therapy was high. Clearly, an accurate and definable index of prediction is of practical value, and its refinement should be a matter of some urgency so that those at risk can be adequately cared for and the need for ventilatory support with its attendant drawbacks can be avoided.
Although not a part of the testing procedure, we noted that the volume of sputum was also a valuable predictor, and patients who had a daily quantity that exceeded 2 oz were at an increased risk of postoperative respiratory difficulty. Otherwise, an MVV and FEF25-7585 of less than 50 percent of the predicted normal mean and an FVC of less than 75 percent of the anticipated normal value (Fig 2) , together with a failure to show a statistically significant improvement in FVC, MVV, or FEF25-75<g after 48 hours of our treatment, were indications of a high probability of serious postoperative pulmonary complications, both on account of the severity of the disease and its lack of reversibility. Because the FVC varies considerably within the range of normal physiologic function and the MVV may be influenced by effort, muscular weakness, and other extrapulmonary factors, the single most reliable test was the FEF25-75S. In our experience, this test is valuable both as a baseline index and as a test of reversibility of obstruction of the airways. On this basis, the maximal expiratory flow-volume curve should provide further useful information and should be explored as a preoperative test, along with those tests already in use. At the present time the preoperative physiologic data can be used to predict who is most likely to get into serious postoperative trouble. It is more difficult to foretell who will develop significant but less serious respiratory complications.
